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H-1 H correlated spectroscopy (DQF-COSY), homonuclear hartmann-hahn (HOHAHA), 1 H-13 C heteronuclear correlation (HETCOR), heteronuclear multiple-bond connectivity (HMBC) and rotating-frame overhauser enhancement spectroscopy (ROESY) experiments, as well as by some chemical degradation. All the five saponins consisting of the same sugar sequence were acylated with two monoterpenic acids to the C-2 and C-3 of the rhamnose, which was attached to the C-6 of the glucose connected to the C-28 of the aglycone. This type of saponin, such as gleditsia saponin C, exhibited anti-human immunodeficiency virus (HIV) activity. based on its NMR data, and the monoterpenic acid (10) was identified as (6S), (2E)-6-hydroxy-2,6-dimethyl-2,7-octadienoic acid by comparison of its NMR and optical rotation data to literature values. 5a-d) Acidic hydrolysis of 1 furnished 8 identified as echinocystic acid, 5b) and the monosaccharide components were identified as glucose, xylose, rhamnose and arabinose based on the gas-liquid chromatography (GLC) analysis. The above evidence confirmed that 1 was a bisdesmosidic triterpenoidal glycoside with glucose, arabinose and xylose linked to the C-3 position of the aglycone, and the other five monosaccharides were attached to the C-28 of the aglycone through an ester bond.
The structures of the oligosaccharide moieties were determined through DQF-COSY, HOHAHA, HETCOR and HMBC experiments. The HOHAHA experiment allowed the subspectrum of a single monosaccharide unit to be extracted from the crowded overlapped region. Starting from the well resolved anomeric proton signals or the methyl group proton signals for the deoxy sugars, the sequential assignments of all the proton resonances to individual monosaccharides were achieved using DQF-COSY with the aid of two dimensional (2D)-HOHAHA and ROESY experiments. On the basis of the assigned proton signals, a HETCOR experiment then gave the corresponding carbon assignments, and these were further clarified by HMBC experiment. Accordingly, the assignments of the protons and protonated carbons were estab-lished (Tables 2, 3) , and the eight sugar units were identified as two glucoses, three xyloses, two rhamnoses and one arabinose, and further confirmed by GLC analysis of the acidic hydrolysate. The position of the trisaccharide moiety was unambiguously defined by the HMBC experiment. for XylЉ. Accordingly, the two glucopyranosyl units and three xylopyranosyl units were concluded to have the b-configuration, and the two rhamnopyranosyl units and one arabinopyranosyl unit to have the a-configuration.
The presence of the two monoterpenic units in compound 1 was indicated by various NMR data. One monoterpenic unit was identified as (6S), (2E)-6-hydroxy-2,6-dimethyl-2,7-octadienoic acid (10), which was further confirmed by alkaline hydrolysis described above. The 1 H-NMR data (Table 5 ) of the other one (11) were similar to those of 10, except for exhibition of a hydroxymethyl signal at d 4.74 instead of the olefinic methyl signal at d 1.86 in 10. The stereochemistry of the D 2,3 double bond was determined as E from the chemical shifts H-3 (d 7.35), since the olefinic proton of the Z-isomer appeared at a higher field. 5a,6,7) However, several attempts of alkaline hydrolysis did not afford intact 11. Consequently, the absolute configuration of C-6 position was not established. Thus, the monoterpenic unit (11) was shown to be (2E)-2-hydroxylmethyl-6-hydroxy-6-methyl-2,7-octadienoic acid. (11) and (10) were attached to the C-2 and C-3 of RhaЈ, respectively. On the basis of the foregoing evidence, gleditsioside E (1) was elucidated and a, b-unsaturated carbonyl group at 1645 cm Ϫ1 . Alkaline hydrolysis of 2 led to prosapogenin (6) and the monoterpenic acid (10) as found in 1. Acidic hydrolysis of 2 allowed the identification of the same aglycone (8), and the same sugar components as 1, that is, glucose, xylose, arabinose and rhamnose based on the GLC analysis. The chemical shifts of protons and carbons for the sugar parts of 2 and 1 were almost superimposable, indicating that they had identical saccharide chains at C-3 and C-28. The two monoterpenic moieties in 2 were indicated as 10 and 11 from NMR data. The key long-range correlations of H-2 of RhaЈ (5.92) with C-1 of monoterpenic acid (d 167.3) (10), and H-3 of RhaЈ (d 5.95) with C-1 of monoterpenic acid (d 167.1) (11) showed clearly that the two monoterpenic units (10) and (11) were respectively linked to the C-2 and C-3 of RhaЈ, obviously different from compound 1. Therefore, compound 2 was identi-
It is very interesting to note that compounds 1 and 2 contained the same aglycone, same sugar sequences, and identi- cal monoterpenic moieties 10 and 11. The only difference was that monoterpenic acids 10 and 11 were respectively appended to C-3 and C-2 of RhaЈ in 1, while the attached positions were just the opposite in 2. Although the 13 C-NMR data was almost the same between the two monoterpenic moieties, significant difference for 1 H chemical shifts was observed for H-3 (d 7.10) of 11 and CH 3 -9 (d 1.98) of 10 in 2 as compared with their counterparts (d 7.35 and 1.86, respectively) in 1. Therefore, besides the HMBC experiment, the proton chemical shift differences (Dd 0.25 for H-3 of 11 and Dd 0.12 for CH 3 -9 of 10) discussed above can also be used to determine the positions of the monoterpenic moieties acylated to C-2 and C-3 of RhaЈ.
Gleditsioside F (3) gave a [MϩNa] ϩ peak at m/z 1971 and a [MϩK] ϩ peak at m/z 1987 in the MALDI-TOF MS (positive ion mode), consistent with a molecular formula of C 94 H 148 O 42 , 16 mass units lower than that of 2. Alkaline hydrolysis of 3 resulted in prosapogenin (6) and monoterpenic acid (10). Acidic hydrolysis of 3 furnished the aglycone (8), and the monosaccharide components were identified as glucose, xylose, arabinose and rhamnose based on the GLC analysis. Comparison of the NMR spectra of 3 with those of 2 concluded that the chemical shifts for the aglycone part and sugar units bore a close resemblance, indicating compounds 3 and 2 had the same aglycone and sugar sequence. The only difference of chemical shifts for monoterpenic moieties was that the hydroxylmethyl group at C-2 (d C 56.3, d H 4.70) of one monoterpenic moiety in 2 was replaced by a methyl group (d C 12.4, d H 1.83). Hence, both monoterpenic moieties in 3 were shown to be (6S), (2E)-6-hydroxy-2,6-dimethyl-2,7-octadienoic acid (10). The above evidence led to the elucidation of the structure of gleditsioside F (3) as 3-O-
Gleditsioside G (4) Acidic hydrolysis of 4 furnished oleanolic acid (9) as the aglycone, and the monosaccharide components were identified as glucose, xylose, arabinose and rhamnose by the GLC analysis. Alkaline hydrolysis of 4 afforded prosapogenin (7) and monoterpenic acid (10). The prosapogenin (7) was identified as oleanolic acid 4) based on its NMR data. Detailed NMR spectral comparison of 4 with that of 2 strongly suggested that 4 differed from 2 only in the absence of an a-hydroxyl group at C-16. Accordingly, compound 4 contained the same sugar sequences at C-3 and C-28, and the same monoterpenic acids at C-2 and C-3 of RhaЈ March 1999 391 a) The assignment was based upon DEPT, DQF-COSY, HOHAHA, HETCOR, ROESY and HMBC experiments. b) These pairs of signals were overlapping.
as compound 2. The proton signals for H-3 (d 7.10) of 11 and CH 3 -9 (d 1.99) of 10 in 4 were similar to those for H-3 (7.10) of 11 and CH 3 -9 (1.98) of 10 in 2, further confirming the monoterpenic moieties 10 and 11 were respectively linked to C-2 and C-3 of RhaЈ. Consequently, the structure of gleditsioside F (4) was defined as
Compound 5 gave a [MϩNa] ϩ peak at m/z 2003 and a [MϩK] ϩ peak at m/z 2019 in the MALDI-TOF MS (positive ion mode), 16 mass units higher than that of 2, implying the presence of an additional oxygen-bearing function in 5. Alkaline hydrolysis of 5 afforded prosapogenin (6) . Acidic hydrolysis of 5 resulted in the same aglycone (8), and the same monosaccharide components as found in compound 2. A NMR spectral comparison of 5 with 2 showed that both compounds possessed the same aglycone and sugar-substitution pattern, but differed in the monoterpenic units. After extensive NMR analysis, both of the monoterpenic units were identified as (2E)-2-hydroxylmethyl-6-hydroxy-6-methyl-2,7-octadienoic acid (11). From the above information, the structure of compound 5 was elucidated as
ester, a triterpenoid saponin termed gleditsia saponin B isolated previously from G. japonica.
5b)

Experimental
The dried anomalous fruits (Zhu Ya Zao) of G. sinensis were purchased from a market in Nanchang, the capital of Jiangxi province, P. R. China in January 1998, and were identified by Professor Fan Chuishen (Jiangxi College of Traditional Chinese Medicine). Melting points were measured with a Yanaco microscope and are uncorrected. Optical rotations were performed with a JASCO DIP-370 digital polarimeter. IR spectra were carried out on a JASCO 300E FTIR spectrometer. MALDI-TOF MS was conducted using a Perseptive Biosystems Voyager DE-STR mass spectrometer. a) The assignment was based upon DEPT, DQF-COSY, HOHAHA, HETCOR, ROESY and HMBC experiments. b-d) The data with the same labels in each column may be interchangeable.
